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(54) CnOCOB HEMHBASHBHOrO OnPEflE/lEHMfl KOHUEHTPAqHM rjlK)K03bl 



(57) Pe<i)epaT: 

H3o6peTeHMe othocmtca k o6nacTM 

MeAML^MHbl, a kIMeHHO k HeMHsadHBHOMy 
MOHMTOpiiKry KOHUeHTpai^klH mK3K03bl B KpOBM 

MenoBBKa. OnpeAe/intoT KOHL;eHTpauMio mioKoabi 

B KpOBH C nOMOl^blO MSMepMTenbHOTO 

ycTpOMCTBa, npH 3tom npoBOAnr HenpepbtBHbib^ 

MOHMTOpMHr KOHl^eHTpaiiMM miOKOdbl B KpOBH 

nyreM MSMepeHMn b o6nacni noBepxHOCTHboc 

BBH rOflOBbI TenHOBbDC nOTOKOB Aa^MKOM 

H3MepMTejibHoro ycrpoftcTBa, a KOHL4eHTpai4MK) 
mioKosbi (Xg*) onpeABnnioT no (|>opMy/ie 
Xg"=Xi*+X2\ TAB Xi*= W^(s)Xt% 
^ 2*~'^^'^(®)^*' ^P'^ ^T* - 6e3pa3MepHoe 
OTKnoHeHMe TewnepaTypbi ot yciaHOBMBiuerocn 
SHaMeHMfl, X n* - 6e3pa3MepHoe oiicnoHeHvie 
TeruiOBoro noTOKa or ycraHOBUBtuerocfl 



3HaMeHM«, W Tn(s)=1/(TTns+1) - nepeAaroMHafl 

(pyHKUyif\ KOHL^eHTpaLtMVI mK)K03bl B KpOBM HQ 

TeMnepaType m leanoBOMy noioKy, Tm - 
3KcnepMMeHTanbH0 onpeAenneMan nocroAHHasi 
BpeweHM nepexoflHoro npoi^ecca. Kn 
3KcnepMMeHTanbH0 onpeAenflewbiM 
6e3pa3MepHbiM K03c|xt3m4neHT, s=d/dt - onepaiop 
AH4xt>epeHL^iipoBaHiifl. B KaMecrse a^twikob 
Tewnepatypbi HcnojibsyioT Z - lepMHCTOpbi, 
KOTopbie npM}KviMaiOT k noBopxHocni ro/iOBbi c 
noMou^bto ynpyroro aneMBHra m MSOiiMpyiOT ot 
BHBtuHeft cpBAbi Ten/ioBojf Msonni^Heii, a 
CMrHanMaai^Mio o KOHMBHTpat{MM mioKosbt 
ocyu^BCTBnnioT c noMoi^bio TOHanbHoro cumana 
M Ai^crinen. Cnoco6 oCecnsHMBaeT noBbitueHMe 

TOHHOCTM onpeAeneHMR KOHl^BHTpai^MM rniOKOSbl 
B KpOBM. KpOMB TOFO. OH npOCT B MCnOHHeHMN. 

2 3.n. ct>-nbi, 2 nn., 2 Ta6n. 
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(54) METHOD FOR DETERMINING GLUCOSE CONCENTRATION IN NONINVASIVE WAY 



(57) Abstract: 

FIELD: medicine. SUBSTANCE: method 
Involves detennining blood glucose 
concentration by means of measuring 
instmment Continuous blood glucose 
concentration monitoring is carried out by 
n>easuring heat flows In the area of head 
superficial veins by means of measuring 

Instrument transducer Glucose concentration 
((X9)) is calculated from a fomiula = XT+)^, 
where XT = WThf(s)XT, = Kh,WThf(s)XRf., 
where Xf - the dimensionless temperature 
from steady state value, XFI? - the 
dimensionless heat flow deviation from 



steady state value. WThf(s) = 1/(TThf x S+1) Is 
the transition function of Wood glucose 
concentration with respect to temperature 
and heat flow, Tr^f Is the experimentally 
stated transient process time constant Khf Is 
the experimentally stated dimensionless 
coeffident, s = d/dt Is the differentiation 
operator 2- thermistors are used as 
temperature pickups pressed against head 
surface by means of elastic member and 
insulated from ambient space by means of 
heat insulation members. Glucose 
concentration information is represented by 
means of tonal signal and display unit. 
EFFECT: enhanced accuracy of measurements. 3 
cl,2dwg,2tbl 
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Vl3o6peTeHvie othocmtca k o6nacTt4 

MeAML(HHbl, a HMeHHO K HBHHBaSMBHOMy 
MOKMTOptlHry KOHL(eHTpaL4I4M rniOKOSbl B KpOBM. 

B HacToni^ee BpeMA c i4enbio AHamocTkiiai 
caxapHoro AMaSera onpaAenmoT KOHL(eHTpaL{iiio 
rnioKosbi B KpoBH HejioBeio rw6o nyreM 
npOBBAeHMn 6tioxMMMMecKoro aHamisa 
HeKOToporo tco/iMMecTBa BsnTOM y nauMeHra 
KpoBM B ycnoBHfix Kmnmecmih na6opaTopMM, 
nM6o c noMou^ npM6opa mioKOMeTpa. 
CHa6}KeHHoro HyBCTBMTenbHoA k r/iioKose xpoBM 
TecT-nonocxoii c noMeu^eHHoit Ha Hei^ Kannef) 
KpoBH nai^eHTa (MHBasMBHbii^ MeTo^) (/l.r 
MasoBeL^KMM. B.K. BennKOB. CaxapHbiM Ry\a6ei, 
M.: MeflnmiHa, 1987). Ha ocHosaHMM 
peay/ibiaTOB onpeAenennfl KOHMempanMM 
rJ1K>K03bl B KpOBH ynoMRHyTbtM MeroAOM 
AViarHOCTvipyK>T caxapHuvi AnaSei. 

3tOT MBTOn OCKOBaH Ha Heo6xOAMMOCTV1 

3a6opa KpoBM y naqyieHTa. 

MsBecreH cnoco6 Ann HenHsasMBHoro 
onpeAeneHMSi mioKosbi b qacTRX MenoseMecKoio 
lena (nareHT CUJA 5.795.305 OT 18.08.98 US 
Class 60/549; 600/316). Cnoco6 ocHoaaH Ha 
onpweneHMM c noMou^bio MSMepHTOJibHoro 
ycTpoftcTsa TeMnepaiypbi m TennoMsnyMeHMfl 
MenoBeMecxoro Tena (na noBepxHOcrw n b 
nonocTflx rena) m Hamnm KoppenflL^vm Me)Kny 
KOHi^eHTpauHei^ mioKosbi b kpobm m 
TeMnepaiypoR lena. CooTBexcTBywu^Mk^ 
anropviTM nosBonneT npeo6pa30BaTb AaHHbie, 
nonyMeHHbiQ npn MaMepenviM TeMnepaTypbi. b 

3HaMeHM« KOHL^eHipaLlMM mJOKOSbl B MaCTJDC 

MenoBBMecKoro lena m b kpobm. 

HeAOCTaiKOM atoro cnocoSa «B/ineTca 
HeAOCTOBepHOCTb onpeAeneHMj? xeKymeii 
KOHi^eHTpai^MM rnioKosbi b KpoBM HenoaeKa. B 
nepsyio oMepeAb, 3to csnsaHO c 
HcnonbsoaaHHeM 4>eHOMeHonorMMecxM ne 
o6ocHOBaHHorD a/iropMTMa cansM AHHaMtmecKnx 
napaMBTpoB HSMepeHMA - TeMneparypbi, 
TeruioManyMeHMn m KOHifeHTpat^MM niioKosbi, 
ocHOBaHHoro Ha ycraHOBneHMM Koppe/ini^oHHbDC 
aasMCMMocTefl nepeMeHHbOC na Gase /iMHeifHoro 
perpeccMOHHoro aha/iMsa. 3to7 anropniM ne 
onupaeTC^i Ha MaTerviaTiiMecKyK) MOAenb 
ymeBOAHoro o6MeHa, He yHHTbiBaei BnMHHHa 

MHA^BMAyanbHblX (^taopOB Ha HSMBHeHHR 

TeMneparypbu A/iropnTM cBflabiBaex xonbKO 
xeKyinyK) K0Hi4eHTpai;mo rniOKoabr b KpoBii c 
xeKyu^eH xeNinepaxypoi^ h ne nosBo/inex 
ocyu^ecxB/iflXb ynpe)iwK>i4yK> a^marMsauyao o6 
onacHbiX KOHi^eHxpai^HHX mioKoabi b Kpoati. 
KpoMe Toro. b yKaaaHHOM cncxx36e m anropHTMe 
BbiHMcneHMj) HO M3MepReTCfl M He Mcnojibsyexcn 
KOHflyKTMBHbi^ noxoK xenna ox xena Me/ioBeKa. 

HaviSonee 6nH3KMM aHa/ioroM (npoxoxiinoM) 
fiBnnexcR choco6 HeiiHBasHBHoro nsMepoHMn 

KOHUeHXpaqiiM miOK03bi B KpOBM. 

npeAycMaxpvtBaiou4viil o6nyMeHiie KpoBBHocHbix 

COCyAOB KOXI/IMMHpOBaHHblM HSIiyHeHHeM 

nonynpoBOAHHKOBoro naaepa, b xoxopoM 
perwcTpMpyiox nornoineHHoe, pacceflHHoe w 
AMctx|)y3M0HH0 oxpa)KeHHOo KpoBbK) MsnyMeHMe 
M3MepMxejibHbiM ycxpoficTBOM, BKnKwarainMM 
6jiok MHxerpai^MW, Aexeiaop. noAKmonenHbii^ K 
BHanoro-M^poBOMy npeo6pa30BaxenK), 
AMcnnefl m aP- (RU 2122208 CI, icn. G 01 N 
33/49. A 61 B 5/00, n.20.11.98). 

M3BecTKbiR cnoco6-npoxoTiin- no3Bo/inex 
ocyii;eGTBn5iTb HeMHBasMBHoe M3MepeHMe 
i(OHL{eHxpai(MH mioxosbi B KpoBH, Hxo s»nnexcn 

HeCOMHeHHbtM AOCTOMHCXBOM, HO MMBOX pfIA 

HeAocxaxxoB: 

1) oxnimaexcsi cnoxcHocxbio tcoHCTpyia;MM 



Hcnonb3yeMoro ycrpoflcTBa n cno}KHOCTbK> ero 
npHMeHBHHn; 

2) He no3Bon$)ex AocxviHb KenaeMon 

XOMHOCXM npW MSMepeHWM KOHl^eHXpat^MM 

miOKOSbl B KpoBM; 
^ 3) HO nosBOJifiex ocyii^ecranRXb 

ynpe}KAaiouiyio cMmanvi3ai4iiK> o6 onacHboc 
HapyiueHMSix ymeBQAHoro o6MeHa - noporoBboc 
noBbiujeHHM HUH noHtDKenviH KOHueHxpaitHii 
rmoKosbi B KpoBM; 

4) HO nosBonnex ocyutecxB/inxb 

HenpepblBHblfl MOKMXOpMHr K0Hl4eHXpai4MM 
rniOKOSbl B KpOBM. 

3aAaMefi npeAnaraeMoro M3o6peTeHHn 
siBnnexcn cosAaHne HeiiHBasHBHoro cnoco6a 
onpeAeneHHfl KOHi^eHrpai^HH rnK)K03bi b kpobm, 
/5 Koxopbii^ no3Bonnex noBbicuxb tOMHOCTb 
onpeAeneHMW, ocymecTBnnxb HenpepwBHbivi 

MOHMXOpUHr KOHL^eHXpaUMM mK)K03bl B KpOBM, 

ocyii;ecTBnflTb ynpe)KAaK)iAyio CMmanMsai^iiio o6 
onacHbcc napyiueHMRx ymescAHoro o6MeHa - 
noporoBboc noBbitueHMii vow .noHMweHMM 
20 KOHi^eHxpaL^viM mtoKosbi B KpOBM, M 6yAex 
oxnMMaxbC5i npocxoxoi) m HBAaiKHocxbio. 

PetueHMe nocxaB/ieHHofl saAaMM AocxMraexcn 
npeAnaraoMbiM cnoco6oM HeMHBasHBHoro 
onpeAeneHMfl KOHi^eHxpai^MM miOKOsbt a xpoBM, 
BKnK)MaK>U4MM HcnonbsoBaHMo MSMepMxe/ibHoro 
ycxpoifcxBa, b KoxopoM np0BOA«x HenpepbiBHbiM 

MOHMXOpMHr KOHL^eHXpai^MM r/1»OK03bl B KpOBM 

nyxeM MSMepeHMn b o6nacxM noBepxHociHboc 
BBH ronoBbi xeMnepaxypbi xena m KOHAyKXMBHbtx 
TeruioBbDC noxoKOB c noMoiUbK) ast^hkob 
^ MSMepMxenbHoro ycxpOMCTBa. a KOKMeHxpauMto 
rnroKosbi (X*g) onpeAeraiox no ctx>pMyne: 

TAe X*,=WTris)X*T, X*2=KnWTn(s)X*n. 
TAe X*j - 6e3pa3MepHoo oxKnoneHMe 
xeMnepaxypbi ox ycxanoBMBiuerocn anaqeHMfl, 
^ X*n - 6e3pa3MepHoe oxKnoneHMe xeanoBoro 
noTOKa ox ycxaHOBMBiuerocfl sHaMeHun, 

WTn(s)=1/(TTns+1) - nepeAaxoHHafl (pyHKL\m 
K0HL4eHxpaL4MM rriK»co3t9i 8 KpoBM HO xeMRBpaxype 
M xennoBOMy noxoKy, 
40 Kn • 3KcnepMMeHxanbHo onpeAenneMbtM 

6e3pa3MepHblM K034)4>ML^MeHX. 

s=d/dt - onepaxop AH(txt>epeHi4MpoBaHM5), 

Tjn - 3KcnepMMeKTanbH0 onpeAenjieMafl 
nocxoflHHaji BpeweHM nepexoAHoro npoLtecca. 

B Kanecxee AaxMMKOB xeMnepaxypbi 
^ Mcnoxibayiox Z>xepMMCXopbi. Koxopue (|)MKCMpyK)x 
Ha noBopxHOCTM rojiOBbi c noMou^bK) ynpyroro 
dneMBHTa m MSonMpyioT ot BHeuiHef) cpeAbt 
xennoBOft MsoiviLiMen. 

CMmanMsai^Mio o KOHi^eHXpaqHM rnioKOdbi 
^ ocyutecxBJiRiOT c noMoiAbio xona/ibHoro ciimana 
M AMcnjien. • 

npsAnaraeMbiA cnoco6 6bin pa3pa6oxaH na 

OCHOB© XeOpeXMMSCKMX M SKCHepMMeHXanbHblX 

MccneAOBaHMV^ npoi^ecca 6MOXMMMMecKoro 
npeBpaiMeHM» rnK>K03bt b KpoBM MenoseKa c 

S5 noMoinbK) M3MepeHMM xeMnepaxypbi m xennoBbix 
noxoKOB B6nM3M ronoBHoro M03ra b o6nacxM 
noeepxHOCTHboc bch ronoBW, xo ecxb b o6nacxqx 
MaKCMManbHO npMGnM^sHHbix k 

SHepreTViHecKOMy McxosHMKy MHreHCMBHoro 
GMQXMMMMecKDro npeBpatiieHMn rniOKosbi - 

60 ronoBHOMy Mosry. B ocHOBy 3xmx MocneAOBaHwA 
6binM nono}KeHbi MSBecxHbie 

(t)eHOMeHOJiontMecKMe ' npeAcraBXieHMfl o6 
onpeAe/viiouteR ponM LtenxpanbHoii nepBHoii 
CMcreMbi B o6ecn84MBaK)LAeM Heo6xQAHMbi(l 
ypoBeHb aKTMBHocTM o6MeHHbDc npoL^eccoB 
ynpaBfieHMM Mexa6ojTM3MOM KnexoMHbix 
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06-beMOB BHyTpeHHMX opraHOB tena 
nocpeACTBOM perynMpoBaHun MHTeHCMBHociw 
rnK)K03Horo o6MeHa m reMnepaiypbi npOTeKaHMj? 

6l10XMMMHeCKMX npeBpaiUBHHM mK)K03W B 

opraHMSMe senoBeKa m, b HacxHOCTM, b ero 
rojTOBHOM Moary (r.ynbwep, cD.Ba/ibAeK, OTapi, 
r.TeBC. OMaMojioTMH Me/iOBeKa. - M.: Mnp. 
1986, T.4, 312 c). CsnsM stmx npoqeccoB 
Mcmto npeflcraBHTb b bmao <|)yHiCL4M0HanbH0M 
cxeMbi (cm. ct)Mr.1). RpM 3tom npwio/iarajiocb, 
mo saflaHHoe MeHTpajibHofl HepsHofi cMcreMow 
sHaMeHne KOHMOHTpai^MM miOKoabi b xpoBM 
ycTaHaBnMBaeTcn no OKOHMaHMn cBoRcTBeHHoro 

60JlbUJMHCTBy AHHaMMMeCKMX xapaKTepuCTMK 

opraHMSMa HenoBOKa anepMOAHMecKoro 
nepexcviHoro npoi^ecca . (K). r.AHTOM0H0B, 
C.M.Ke4)opeHKo. MAMMKyjibCKaa, 
M.K.napoKOHHafl. MaTeManmecicafl TeopnH 
CMCTeMbi caxapa KpoBM. - KneB: HayKoea AywKa, 
1971, rn. 2, 3jieMeHTbi xeopMH, c. 15-26. ). 
npM npoBeABHHM Mcc/reAOBaHMM npHMeHena 
KOMHbioTepHan o6pa6oTKa . no/iynaeMbix 
3KcnepMMeHTajibHbpc AaHHbix AOfl. Haxp)KABHii« 
BsatiMocBSisM Tamx napaMerpoB npoqecca, iok 
3HaMeHMq TeMnepaiypbi, TennoBoro noroKa, mx 
npoMSBQAHbix M BpeMeHHoro cMeu^eHiin 
AMHaMMMecKMx sHaneHMit TeMnepaiypw m 

KOHHeHTpai^MM mK)K03bl B KpOBM npM 

nepexoAHbix npoueccax. 

npMHi^MnManbHbiM pesynbTaroM 
npoBeAeHHbix nccneAOBaHMfl, nsnfleTCfl 
o6Hapy;KeHMe <t)yHKi4MOHaxibHOM cbhsm 

KOHLteHTpai^MM mK)K03bl B KpOBM G C 

TeMnepaiypoi^ T, lennoBbiM rotokom F npM 
BbipaNceHHOM npoHBneHMM npMHL|Mna 
ynpe>i«aiomero ynpas/ieHUH, peay/ibTaioM 
KOTOporo fiB/ineTCfl onepe)KaK>utee mMBH&me 
TepMHMecwix, napaMeTpoB npw 

COOTBetCTByiOmeM M3MeHeHMM ypOBHfl 
KOHI4eHTpai4MM mK)K03bl B KpOBM: 

6(t)=T(T(t-T),F(H)); 

me X- BpeMfl onepe}KeHM». Ha ochobb 
OKcnepHMeHTajibHoro o6cneAOBaHMn naiiMeHTOB 

yCTBHOBXieHO, MTO BOJIMMMHa t COCTaBJlfleT 

nopHAKa 10-30 winHyT m sto oswaMaeT, mo 
npeAnaraeMbiM cnoco6 no3Bonfie7 c BpeMeHHbfM 
onepejKeHneM 10-30 MMHyr npomoajipoBaTb 
MSMeHeHne icoHi4eHTpaL4MM rnioKosbi b KposM m 
curHajiMsnpoBaTb o npM6/iM)KeHMM onacHbix 
cocTOJiHMM mK)K03Horo o6MeHa. 

Bbino ycraHOB/ieHO, hto MSMepeHMe 
TepMWMecKMX napaMetpoB b o6nacTM ronoBHoro 
Moara (b o6nacTM nosepxHOCTHbix bbh ronosbi) b 
omMMiie OT MdMepeHHf) b Apynix MacTHx 
HejioBeMecKoro lena Aaei 6onee AOctoBepHyio 
MH(|xjpMai4iiK), laK KaK npM stom ycrpawieTca 
AonojTHMTenbHoe Bnmme Ha pesynbiaTbi 
M3MepeHMM cnoxcHbix 6M0XHMMMeciaix npoi^eccoB 
npeo6pa30BaHMfi 6ejiK08 M >KMpoB: 

B pe3y/ibTaTe npuweHeHMP cnoco6a 6bmo 
o6Hapy5KeHo B/iHHHue Ha MSwepfleMbie 
TepMMMecKMe napawerpbi HeKOTopbix 
MHAMBHAyanbHbK C|>aKTOpOB (o6LHMpi TOHyc 
opraHM3Ma nai^MeHTa, ncuxonorvmecKoe m 
<t)ii3MMecicoe Hanpn)KeHvie, HanpflJKeHHbiw 
MbicnMTe/ibHbiA npoi^ecc, Hanpfl>KeHHocTb 
cnyxoBboc m spwTenbHbix neHtpoB npM 

HHTeHCMBHOM BOCnpiiflTHM MH4)OpMai4MM M T.n.). 

Ann yMBTa notn66Hbix ct>aKTopoB npn BbiMiicneHMM 

KDHl^eHtpailMM TniOK03bl KpOBM npoBOAMHacb 

npeABapnTejibHafl nepcoHanbHasi KajiM6poBka 
ycipoMCTBa Ana KOHKpeiHoro nai^weHTa c qenbio 

yCTaHOB/lGHMq COOTBeTCTByiOlAMX nOCTOflHHblX 

a/iropnTwa, yMMTbiBajou^nx MHAMBMAyanbHoe 
Bnmme yKaaaHHboc (t)aicTopoB Ha peaynbTaibi 
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onpeAejieHMSi KonqeHrpaqMH mioKoabi e KposM. 

Ajiji AOCTOBepHoro npeo6pa30BaHMH 
MSMepeHHbrx BenimnH TeMnepaiypbi h Tenjioeoro 
noTOKa B snaMeHnq K0Hi4eHTpai^MM rnK)K03bi 
KpoBM HencBeKa paspaCcTaH cfayHKquoHanbHbiPi 
anropMTM G= 4^(T, F. Wj). nocrpoeHHbiM na 
ocHose 4>yHia4MOHanbHbix cBfl3e«, 
onpeAenflewbix b pe3ynbTaTe peuueHns CMCTOMbi 
AMclx^epeHmianbHbix ypasHeHUM, onMCbiBaKJi^MX 
AMHaMMKy paccMaipMBaeMoro nponecca c 
yneioM MHAUBMAyanbHbix cj^aiaopoB (Wj). 
BnnHHMe KOTOpbDC onpeAeHflioT Ha ochob© 
nepcoHanbHOM KanM6poBKVi CMcreMbi M3MepeHMR 
Ann KOHKpeTHoro nai<MeHTa c Mcnonb30BaHMeM 

MHBaSMBHblX MSTPflOB II npil6opOB, npOBQAMMOM 

c i^enbK) onpeAeneHMR aaaiiaiMccTeit ot 
BpeMBHii TeMneparypbi, tennoBoro noTOKa m 
K0H^eHTpa^MI1 rmoKosbi s KpOBW, HedexQAHMbix 
An« nocTpoeHMfi 4)yHia4M0HanbHoro anropnTMa. 

Cucieivia AMc|xt)epeHi;ManbHbix ypasHeHMf) 
AMHaMMKM npoL<eccoB M3MeHeHH;i TeMnepatypbi, 
TennoBoro noTOKa h KOHi^eHTpaMUM mioKbabi 
KpoBM B oeineM BMAe M0>KeT 6biTb npeAcxaB/ieHa 
KaK 

X*g=X*1+X*2. 

rAeX*i=WTn(s)X*T, 
X*2=KnWTn(s)X'n, 

X*g= AXg/Xgo - eeapaaMepHoe oTKnoneHMO 
KOHqeHTpanMw rnioKoabi b kpobm ot 
ycTaHOBMBiuerocfl SHaMeHUH, 

X*T= aXt/Xto • 6e3pa3MepHoe oTKnoHenwe 
TeMneparypbi ot ycTaHOBMBmerocn 3HaMeHii«, 

X*n= AXn/Xno - GespasMepnoe oTwioHeHiie 
TennoBoro noTOKa or ycraHOBMBUjerocji 
sHaneHun, 

Xgo. Xto, Xno - ycraHOBMBiiJMecfl 3HaMeHM5i 

COOTBeTCTBeHHO KOHl4eHTpai4MM rniOKOSbl KpOBM, 

TeMnepaxypbi n TennoBoro noTOKa Tena: 

AXg=Xg-Xgo, aXt=Xt-Xjo, AXn=Xn-Xno, 

\* Xx, Xn - TeKymwe sHaMeHUfl 
KOHi^eHTpaqMM miOKosbi b KpoBM, TeMnepaxypbi m 
TennoBoro noTOKa, 

WTn(s)=1/(Trns+1) - nepeAaToHHaw f^ynvx^m 
KOHqeHTpaL^MM mfOKoabi b kpobm no TeMneparype 
M TennoBowy noTOKy, 

Kn - 3KcnepnMeHTanbHo onpeAenneMbiJi 
6e3paaMepHbiM K034x{)jmMeHT, 

s=<Vdt - onepaTop AM(t)ct)epeHi4npoBaHMfl. 

Txn - 3KcnepMMeHTanbHo onpeAenneMas 
nocTORHHan opeMeHM nepexoAHoro npoi4ecca. 

np^AiTo?KeHHbifi cnoco6 noATaepjKAeH 
npMMepaMM. 

flpMMep 1. ripoBQftMnMCb H3MepeHiin 
TeMnepaTypbi m TennoBoro noiOKa hba 
noBepxHocTHoR BBHoil ronoBbi v.jugularis 
externa m c Mcnonb30BaHMeM (|>yHKL4i40HanbHoro 
ajiropMTwa Bbmncnwiacb K0Hi4eHTpaL)H$i 
rnK)K03bi B KpOBM y 6onbHoro A. HapamienbHO 

npOBOAHAMCb MSWepeHMfl KOHqeHTpaLIMW 

mK)K03bi KpOBM y 3Toro 6onbHoro AMa6eTOM 
MHBasMBHUM npM5opoM ONE TOUCH. B HaMane 
ceaHca M3MepeHM() McnbiiyeMbivi noo6eAan. 
PeaynbTaTW MaMepeHMf) m pacMeTa npMBSAeHbi b 
TadnMqe 1. 

nonyseHHoe . epeMn 
onepeweHMfl t paBHflnocb 10 MMHyraM. Ma 
cpaBHeHMn peaynbTaTOB waiviepeHMft ' 
KOHUBHTpaqMM mioKoabi KpoBM, onp^eneHHbix 
npeAnoweHHWM cnoco6oM m MHsaaMBHbiM 
MeTQAOM, BMAHo, MTO OHM OTnMMaioTCfl HB 6onee 
MeMHa10%. 

ripMMep 2. RpoBOAMnMCb MdMepeHMn 
TeiyinepaTypbi m TennoBoro noxoKa naA 
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nosepxHocTHofi eeHoA . roxioBbi v.jugutaris 
externa h c McnojibsoBaHMeM 4>yHKi^oHanbHoro 
anropMTMa BbiMMcnnnacb KOHueHipaMHn 
rmoKDSbi B KpOBM y naqHeHTa B. He crpaAaiou^ero 
AMa66TOM. DapanjienbHo npospAMnMCb 

MSMepeHHfl KOHl4eHTpaL4MM miOK03bl KpOBM y 

sToro naqMeHTa MHsasMBHbiM npM6opOM ONE 
TOUCH. 6 HaMa/ie ceaHca MSMepeHHi^ 
kicnbiTyeMbij) BhAmn craKaH cnaAKoro Man. 
PesynbTaTbi MSMepeKHf^ m pacMeTa npHBeaeHbi a 
Ta6nMt;e 2. 

BpeMfi onepe)KeHH;i x paBHRncx»> 14 
MMHyraM. Ma cpasHeHUJi peaynbTaioB 

MdMepeHMf) KOHL^eHTpaUMH rnK)K03bt KpOBH, 

onpefleneHHbDC npeAno>KeHHbiM MeroAOM h 

MHBaSMBHblM MeTOAOM, BMAHO, MTO OHM 

OTJiMHaioTc« He 6onee mom Ha 10%. 

HonyMeHHwe HaMU 3KcnepMMeHTa;ibHbie 
AaHHbie . no3BOJiMnM npeAno)KMTb cnocod 
ynpe7KAaiou;eM cMrHa/msaMMM o6 onacHbix 
cocToiiHM$ix • mK>K03Horo o6MeHa, 
npMHLyinManbHO ornMMaioiitiiiicfl ot vi3BecTHbix 
no noKaniiaai^M 30h MSMepeHiin m anropMTMy 
nepecMOTa MSMepeHHbix TeivinepaTypbi . m 
TennoBoro noTOKa b KOHi^eHTpai^Mto r/itoKosbi b 

KpOBM, no KOHCTpyKl^MM yCTpOHCTBa M 

AOCTwraeMOMy peaynbTaiy. 

Ha <t)Mr. 2 npeAcraaneHa cxewa ycTpoMciBa 
AHA peannsaLfMM npeAnaraeMoro cnocoSa. 

ycrpOMCTBO COAep>KMT npy)KMHHblM 

HaronoBHMK 1, aqtmhk teivinepaTypbi m Tennosoro 
noTOKa 2 na ocHoee a/iMasHbOc lepMHCTopoB 
TA-1 c TenjioBoJ% n3onRi(Mef^ us anacTMMHoro 
Maiepwajia neHonojiMypeTaHa na ynpyroM 
aneMeHTe 3, KOMnwoiepHbiR MOAynb 4 
MSMepnTejibHoro ycrpoifcTBa Ha 6a3e HoyT-6yKa 
"Compad" c A^cnneoM 5 m ycrpoviCTBCM 
3ByKOBo(i cMmanHsaL^M 6. 

ripyWMHHblfi HarOAOBHMK 1 cfHIKCllpyeT ABTHMK 

2 HaA noBepxHOCTbK) BeHU ronoBbi. HanpMMep 
v.juguiaris externa, KOTopbiM npvDKMMaeTcn h 
4}MKCkipyeTC$i c TOMHOCTbK) 0,5-2,5 MM ynpyrwM 
aneMBHTOM 3. flaiMMK M3Mep«eT leMnepaxypy h 
Ten/TOBOM noTOK H nepeAaeT peaynbiaTbi 

M3MepeHMM B KOMnbKJTepHbli^ MOAynb 4, KOTOpblii 

ct)opMMpyeT peaynbTBTbi MSMepeHni^ kbk 
(pyHKuyivi BpeMBHH, perMcipMpyeT mx b naMflivi n 
npeo6pa3yeT mx b sHaMeHMfl TeKymevi m 
nporH03MpyeMOM KOHMeHTpai^M mioKoabi KpOBM, 
a TaioKe onpeAenneT speMn onepe>KeHMfl t, 
nocpBACTBOM Mcnonb30BaHHfl 4>yHKm40HanbHoro 
anropMTMa m Ha . ochobb peayjibiaTOB 
npeABapMTeiibHoi^ KajiM6poBKM, oipanKBei 
AaHHbie Ha AMcnnee 5 m cjDopMiipyeT aeyKoeoA 
ynpe}KAaioiAHfl TOHanbHbiii CHman o6 onacHbDC 
cocTORHMJix mioKosHoro o6MeHa c noMou^bio 
MpAynH SByxoBoA cMfHaniiaaLiMii 6. TennoBan 
M3on5iMHn vo anacTMMHoro Marepnana saii^MiAaeT 
AaiMMK OT Boa^eAcrBMn BHetiiHeM cpeAu m 

ysenMMHBaeT TOMHOCTb M3MepeHMfl. yCTpOMCTBO 

Tpe6yeT nepMOAMMecKoi^ (1-2 paaa b neAenro) 

Ol^eHKM M npM Heo6X0AMM0CTM KOppeKTHpOBKM 

KanM6poBKM nepconanbHO a^a KOHKpeTHoro 
naLiMenra, b pe3ynbTaTe Mero onpeAenfliOT 
3MnMpMMecKvie nonpaeoMHbie K034xt>MUMeHTbi, 

KOTOpbie BBQA$)TCn B KOMObHSTepHblM MOAynb 4 M 

yTOMHfiKVT HacTpoMKy ycTpoAcTBa ynpe}iviaK)iMeM 
ciirHajiHsai^M Ha Tpe6yeMbre ypoBHM ee 
cpa6aTbiBaHiifl. cooTBeTCTByioiMMe, HanpMuep, 
SHaHeHiinM KOHi^eHrpaL^MM rnioKoabi b KpoBM 4 
MMonb/n (HiVKHMil yposeHb) m 8 MMonb/n 
(aepxHMfl ypOBBHb). Oi^eHKy KanM6poBKM 
npOBOA^n nyieM HSMepeHM^i KOHueHrpaqMM 

rnK5K03W B KpOBM HaL^MeHTa KaKMM-nM6o 

MHBasMBHbiM miOKOMeTpoM Mepea BpeMSI OT 



MOMeHTa cpa6aTbiBaHMfl CHmanMsaLtiiM, pasHoe 
onpeAeneHKOMy npM nepaoHaManbHofl 
KanH6poBKe epeMeHM ynpex^eHn^i t» 
CBoflcTBeHHOMy opraHMSMy aToro nai4MeHTa, m 
cpaBHeHvtn noKaaaHHoro Ha AMcnnee ycTpoficTBa 
SHaMeHMfi KOHHeHTpai^M rmoKDSbi b kpobm c 
noxaaaHneM MHsasMBHoro rnioxoMeTpa. 

KoppeKTMpOBKy Ka/lM6pOBKI1 M HaCTpOiiKM 

CMrHanM3aL;MM npoMSBOAflT b tom cnyMae, KorAa 
pa3nMMMe noKasaHMH ycrpoMciBa h MHBaaMBHoro 
fQ rnK}KOMeTpa npeebtcHT AonycTMMyio senHMMHy, 
HanpMMep 1 MMonb/n. 

B KaMecTBe MaMepMienbHoro sneMeHra 
TeMnepaTypbi m lennoBoro hotokb b ycrpoMCTBe, 
peanMayiomeM npeAnaraeMbii^ cnoco6, mowbt 
6brrb npwMeHeH Z-tepMncTop, KOTopwM b 
. 15 OTnMMMe OT NTC-TBpMMCTopa o6naAaeT Sonee 
BblCOKOV^' MyBCTBMTenbHOCTbK) M cnoco6HOCTbK> 
ct^MKcaL^M HeKOTopoM • sapaHBe Bb[6paHHOf^ 
TeMrtepaTypbi pesKMM MSMeHeHMeM cbomx 
napaMeTpOB, hto abbt BO3M0}KHOCTb nonyMHTb 

MHCfjOpMai^K) O AOCTVUKeHHM KOHl^BHTpaqMeA 

^ rnfOKDSbi B KpoBM onpeAenoHHOTO sapaHee 
BbiCTaBXVieMoro noporoaoro ypoBHn, aa 
np^enaMM xoroporo nacrynaeT yrposa 
aAopoBbio ABHHoro nsmMBHra. . HpuMeHeHMe 
Z-TepMMCTopa o6ecneMHBaeT TaioKe 
B03M0)KHocTb HenocpeACTBeHHoro 
npeo6pa30BaHMfl iisMeHeHMn TeMnepaTypbi b 
MdMeHeHMfl HacTOTbi M aMnnMTyAbi BbtxoAHoro 
Hanpsi>KeHMfl (B.fl. 3otob. Z-TepMMCTopbi, CHIP 
News. T. 1(34), c. 37, 1999). 3to 
cyiAecTBeHHO ynpou^aeT aneiapoHHyio cxeMy h 
no3Bon5teT anamiTenbHO CHHaMTb CTOHMOCTb 
HOCMMoro naqneHTOM ycTpoMCTBa. B HaH6onee 

npOCTOM M ABLUeBOM BapwaHTB B03MQ}KHa 

BbViaMa MH(}x)pMai;MM o AOCTii)KeHiiM pasniiMHbix 
ypoBHeft KOHL4eHTpai4MM rnKMcoabi c noMOU^bio 
sayKOBboc cMrnanoB paannMHof) MacroTbi. 

35 HanpMMep, npM AOCTM}KeHMM KOHMeHTpauneA 
rnK)K03bi KpoBM BepxHero AonycTviMoro npeAena 
ee sHaweHMf) BbiAaeTcn sbicoKOMacTOTHbiM 
seyKOBoii cwrwan, a npM aoctmjkbhmm HM)KHero 
npeAena - HMSKOMacroTHbiM asyKOBOvi CMFHan. 
3to cymecTBeHHO ynpoinaeT KOHCTpyKUiMto 

^ ycrpoMCTBa m Aa©T B03MO)KHocTb nat^MeHTy 
nonyMBTb TeKyinyw ynpe)KAaK)iAyK) MH^wpMai^MK) 

O AOCTVDKeHMM KOHl^eHTpai^MeH rniOK03bl KpOBM 

Toro Mnw MHoro 4)MKCMpoBaHHoro ypoBHfi c 
UenbK) npMHflTMR Mep A^^t ero MSMeHeHMn. 

ripMMeHeHMe b ycTpOMCTse Z-TepMMCTOpa 
nosBonneT c noMoiAbio npocTeMUjeM cxeMw 
peanMaoBBTb ero paSoTy b 

MacTOTHO*aMnnMTyAHOM pe>KMMe, to ecTb c 
MSMeHeHMBM TeMnepaTypbi m Tennosoro noToica 
nponopuMonanbHO M3MeH5iK)TCft qacTOTa m 
^ BMnnMTyAa aneKTpMHecKMX MMnynbcoa. 

MyBCTBMTenbHOCTb ABTHMKa npM 3TOM 

cyiAecTBeHHO BbtLue no cpaBHeHMto c abtmmkom, 
McnonbayKJiAMM NTC-TepwHCTOp. Pa6oTa b 
aMmiMTyAHO-MacTOTHOM pe^KMMe no3Bon«eT 
McnonbsoBaTb ycMnMTenb nepeMeHHoro TOKa, hto 
55 AaeT B03Mo>KHocTb AocTMrnyTb nymuero 

COOTHOLUeHMfl CHrHan/UjyM M nOBblCMTb 

CTa6vinbHocTb pa6oTbi ycTpoMCTaa, a TaiOKe 
ynpoiAaoT y^Hjepd^ihc nepoABHM ABHHbix e 
KOMHblOTepHbli^ MOAynb ycTpoMCTBa. 

npM npOBeABHMM COBpeMeHHOM MHTeHCMBHOM 

^ MHcynMHOTepanMM 6onbHoro caxapHbiM 
AMa6eTOM npMMeHBHMe npeAnaraeMoro cnoco6a 
M ynoMHHyToro ycTpoMCTBa a coMBTaHMM c 
M3nojKeHHOM MeTOAMKoi^ nepcoHanbHOM 
KanM6poBKM, ee oqeHKM m KoppeioMpoBKM 
no3BonMT ocymecTsnflTb nenpepbiBHoe 
cneKeHMB sa cocronHMeM mtOKosHoro o6MeHa b 



opraHM3M6 6ojibHoro caxapHWM AMa6eT0M, c 
ynpe)KAeHMeM no BpeMeHM CMmanMSMpoBaTb 06 
onacHbtx oTKnoHeHMflx era or HopMbi, coKpatmb 
KonimecTBo 3a6opoB KpoBM An« anamaa vi 
pacxQA floporocTonu|Mx Tecr-nonocoK k 
mioKOMerpaM 6ofiee MeM b 10 paa no cpaBHeHMio 
c McnofibsoBaHMeM flna i\6neih MHTeHCHBHo(i 

MHCy/lMHOTepanMM :06bNHblX. MHBadMBHbDC 

rnioKOMeTpoB, Korfla na\\vi&n AOJWteH 
e)KeAHeBHo npoBQnwTb 5-7 3a6opoB KpoBH vtz 
nanbi^a c Mcno/ibsoBaHweM recT-no/iocoK. . 

Hcno/ibsoBaHMe peajiMsywmero zaytsnembivi 
cnoco6 ycTpoMCTBa nosBoxiMT ocyu^ecTBMTb 

HenpepblBHblW HeMHBa3MBHbl« MOHMTOpMHr 

cocTOHHMa mK)K03Horo o6MeHa 6onbHoro 
caxapHbiM flMa6eTOM, ynpe^KAatou^yio 
cMma/inaai^mo 06 onacHbix cocTOflHHflx ajoro 
o6MeHa npw npocTore KOHcrpyKqiiM ^cipoiicTBa, 

HMSKOft CTOMMOCTM erO npOM3BOACTBa M 

3KcnjiyaTaL|MM, hocmmom naqMeHTOM McnojiHeHMM 
M BbicoKiix . TexHMKO-aKcnnyaTai^MOHHbix 
CBoKcTBax TaKoro ycrpoficTBa. 

OopMyjia M3o0peTeHMfi: 

1. Cnocx)6 HeMHBasMBHoro onpeAejieHiifl 
KOHMeHTpaqMM rnioKoabi s kpobm, BKniwajoiuMff 
HcnonbaoBaHMe MawepMre/ibHoro ycTpowcTBa, 

OTJlMMakXHMRCH TCM. 4TO npOBOflffT " 

HenpepbiBHbiti MOHHTopMHr ■ kOH^eHT^ 
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r/lK)K03bl B KpOBM HyTOM M3MepeHt1f| B o6jiaCTM 

noBepxHocTHbix BeH rojioBbj TeMnepaiypbi lena 

M KOHAyKTMBHblX TBn/lOBbJX nOTOKOB C HOMOmblO 

AaTMMKOB M3MepMTe;ibHoro ycTpoMCTBa, a 
KOH^eHTpa^M^o mioKosbi (Xg*) onpeAe/inroT no 
ct>opMyjie Xg = Xi*+X2-. tab Xi*= Wt„(s)Xt\ 
X2*= KnWTn(s)Xn'. tab Xt* - eespasMepHoe 
oTicnoHeHMe TewinepaTypbi or ycraHOBMBujerocfl 
SHaMeHiin, X n* - eespaswepHoe oTicnoHeHMe 
TenJioBoro noToita ot ycraHOBMBtijeroca 
3HaMeHMfl. WTn(s)= 1/{TTns+1) . nepeAajOMHaji 
(|)yHKL^Mn K0Hi;eHTpaL4Hti mtOKosbi b kpobii no 
Tewneparyp© m rennoBOMy noTOKy, Tjn - 
oKcnepMMeHTanbHo onpeAexmeMan nocroAHHan 
BpeMeHM nepexoAHoro npoMeoca. Kn - 
3KcnepMMeHTajibH0 onp^e/iTOMbifl 
6e3pa3MepHbM K03<t>c})Mi4MeHT, s= d/dt - 
onepaTop AM^xjjepeHqMpoBaHMw. 

2. Cnoco6 no n. 1, oTnimawu^MPicfl Tew, hto 
B KawecToe AaTHMKOB TeMnepaxypw McnonbsyioT 

Z-TepMMCT0pbl» KOTOpbie 0MKCMpyiOT Ha 

noBepxHocTH ronoBbi c noMoinbio ynpyroro 
onoMeHxa h Msonnpyjoi ot BHetuHefi cpeAw 
TennoBoi) momuyiBvi, 

3. Cnoco6 no m. 1 M 2, omMMawiUMvicn leM, 
MTo cMmanMaamiio 0 KOHueHjpai^MM mioKosbi 
ocymecTBJifliOT c noMOinbio TOHajibHoro cHmana 
M AMcnfien. 
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TaGjiHua 1 



HsMepcHHafl 
TcMnepaxypa, C 


36.650 


36.920 


37.235 
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Ta6nHua 2 



H3MepeHHas 
TcMneparypa, C 


36.747 


36.756 


37.756 


37.750 


37.765 


37.776 


37,826 
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BejlHHHHbl 
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TcMnepatypa, C 


36.874 
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T- xehfnepaTypa 

G - KOHueHTpamw rjnoKOSBi b kpobh 

M - MeTa6ojiH3M b kjictohhhx o6i>eMax rojioBHoro M03ra 

T - BpeMCHHoe CMcmeHHC npH nepexo^Bix npoueccax 

Ut- cHrnaji ynpaBJieHHH TepMoperyjiHposaHHeM 

Uy - cHraaji ynpaBJieHHH rjnoKoanHM oSmchom 
4)Hr.l 
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